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I摘 要
ABO3型钙钛矿复合氧化物是一类多功能材料，因其含有过渡金属离子，这
类材料表现出丰富的物理性质，如：高介电常数，低介电损耗，压电性质，铁电
极化，高磁阻，超导等等。钛酸锶(SrTiO3)作为典型的钙钛矿氧化物功能材料，
具有此类材料的各种优异的电学和磁学性质，通过对 SrTiO3材料的掺杂(引入氧
缺陷或是替换 Sr原子或 Ti原子)，进一步丰富了 SrTiO3的性质，在许多电子器
件，如：场效应晶体管，电阻开关器件，固体氧化物燃料电池，热电器件，燃料
敏化太阳能电池中都有广泛应用。因此，研究非理想 SrTiO3体系的电学性质对
进一步优化器件的性能至关重要。本论文通过理论加实验的研究方法，对掺杂
SrTiO3的稳定性、电子结构、磁学性质及其在电阻开关器件和有机太阳能电池中
的应用等展开了一系列研究，具体内容包括以下三个部分：
第一部分的内容主要是采用密度泛函的第一性原理方法，计算了掺氮
(N)SrTiO3和有氧缺陷(Vac)的 SrTiO3体系中不同距离的两个氮原子的相互作用和
不同距离的两个氧空位的相互作用对体系的稳定性、电子结构和磁学性质的影
响。在一个 2×2×2的 SrTiO3超晶胞中产生两个氧空位(即 SrTiO2.75)或是用两个氮
原子替代两个氧原子(即 SrTiO2.75N0.25)，我们设计了七种放置两个 N原子和 Vac
的不同模型并进行第一性原理计算。结果表明，经过优化后，超晶胞中两个 N
原子和两个 Vac之间距离的长短对体系的性质影响非常大。在 SrTiO2.75体系中，
Vac倾向于链状排列，并且中间夹着一个 Ti 原子，其他的结构则为亚稳态。
SrTiO2.75N0.25体系的结果则正好相反，它更倾向于其他的六种结构。SrTiO2.75体
系在稳态时没有磁性，在其他六种亚稳态时则和 SrTiO2.75N0.25体系一样表现出了
磁性，磁性的来源主要是 Ti原子 3d轨道和 N原子 p轨道的贡献。因此，我们的
研究结果提供了一种可能在原子尺寸上调控 SrTiO3电子和磁学性质的方法。
第二部分内容中，主要是对 SrTiO3单晶片进行退火处理研究其电子结构并
将其制作成电阻开关器件。对高温退火处理的 SrTiO3单晶片进行透射谱、同步
辐射光电子吸收谱、扫描电子显微镜(SEM)等技术手段表征。我们发现，封装在
Ar氛围中退火，使 SrTiO3单晶片产生了可观的氧缺陷，这些氧缺陷的出现从颜
色变化和透射谱，光电子吸收谱中都可以得到证实。SEM形貌图中可以清楚的
厦
门
大
学
博
硕
士
论
文
摘
要
库
II
看到纳米网状图样，这有可能就是我们第一部分计算中氧缺陷趋向于链状排列的
结构。经过简单的退火处理，SrTiO3单晶片在电阻开关器件中表现出良好的性能，
主要是因为 SrTiO3中氧缺陷的存在，产生了可以移动的电子以及在外加电场的
作用下实现了对电子的操作。
第三部分内容中，我们主要是把 SrTiO3材料应用到了有机太阳能电池中。
首先，通过溶液法制备 SrTiO3层，热裂解后，形成 SrTiO3纳米颗粒层。由于 SrTiO3
的禁带宽度为 3.2 eV，使得 SrTiO3纳米颗粒层可以作为透明电子传输层替代有
机太阳能电池中的一层聚合物。以 SrTiO3纳米颗粒层为电子传输层的太阳能电
池表现出了稳定的光伏性能，且由于 SrTiO3氧化物在环境中的稳定性，有提高
有机太阳能电池寿命的可能。同时，我们也对不同富勒烯衍生物的有机太阳能电
池进行了热稳定性研究，结果表明，有机太阳电池的热稳定性与富勒烯衍生物支
链的结构性质密切相关。
关键词：钙钛矿氧化物；第一性原理计算；结构设计；电阻开关器件；有机太阳
能电池；热稳定性
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ABSTRACT
ABO3 perovskite composite oxides are one of the multifunctional materials, due
to the existence of transition metal ion, this kind of materials exhibit abundant
physical properties, such as high dielectric constant, low dielectric loss,
piezoelectricity, ferroelectric polarization, colossal magnetoresistance,
superconducting, et al. As a representative perovskite functional material, Strontium
Titanate(SrTiO3) possesses unique electronic and magnetic properties. Through
inducing the oxygen vacancy or substitution of Sr or Ti atom in SrTiO3 further extends
its properties, which can be widely applied in the electronic devices, such as field
effect transistor, resistance switching device, solid oxide fuel cell, thermoelectric
device and dye-sensitized solar cells. Therefore, it is very important to study the
electronic behavior of the deficiency SrTiO3 for optimization of the electronic devices.
In this thesis, we combine the experimental and theoretical methods to develop the
stability, electronic structure and the magnetic properties of SrTiO3 as well as the
application in the resistance switching device and organic solar cells. It mainly
include the following three parts,
In part I, we exploit the first-principles calculation method to investigate the
influence of various distances between N-N/Vac-Vac to SrTiO2.75N0.25 and SrTiO2.75
systems. Firstly, we design seven models of different positions of the two oxygen
vacancies or two N atoms in a 2×2×2 supercell. After optimization, we find the
distance of the N-N/Vac-Vac is critical to the properties of the two systems. In
SrTiO2.75, two oxygen vacancies tend to align in a linear chain sandwiched with Ti
atoms, whereas doped nitrogen atoms preferred other arrangements. In addition, under
stable arrangement, SrTiO2.75 showed no magnetism, whereas magnetic moments
appeared in other meta-stable SrTiO2.75 configurations as well as in SrTiO2.75N0.25,
which is attributed to the Ti 3d orbitals and nitrogen p orbitals, respectively. Our
results suggest a possible route for tuning magnetic and electronic properties of
SrTiO3 by atomic design.
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In part II, we mainly focus on the annealing effect on the SrTiO3 single crystal
substrate and its performance in the resistance switching device. We characterize the
treated SrTiO3 single crystal through the photoelectron spectroscopy, SEM et al. After
annealing in sealed Ar atmosphere, obvious oxygen vacancies are observed from the
changes of the substrate color, transmission spectra and the absorption spectra.
Furthermore, clear nano-network patterns are appeared in the SEM images, which are
very similar to the oxygen vacancies chains found in our first principles calculations.
In addition, through the high temperature annealing, SrTiO3 single crystal shows
resistance switching behavior which is attributed to the existence of the oxygen
vacancies. Because of the oxygen vacancies, free electrons are created and can be
manipulated by the change of external electric field.
In part III, we make use of SrTiO3 in the organic solar cells. SrTiO3 layers are
prepared by solution-processed method and SrTiO3 nano crystals are formed after
decomposition. Owing to the large bandgap of 3.2eV, SrTiO3 nano-crystal layer is
suitable for the use of transparent electron transfer layer in the organic solar cells. The
organic solar cell with SrTiO3 nano crystals as cathode buffer layer, exhibits good
photovoltaic properties. Due to the stability of SrTiO3 oxide, the use of SrTiO3 may
prolong the lifetime of the solar cells. Meanwhile, we study the thermal stability of
different fullerene derivatives-based organic solar cells. The results suggest that the
structure of the fullerene derivatives play an important role to the thermal stability of
the organic solar cells.
Keywords: Perovskite Oxide; First-principles Calculation; Structural Design;
Resistance Switching Device; Organic Solar Cell; Thermal Stability厦
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